Introduction

39
Binding of oral streptococci to the tooth surface is the first step in the formation 40 of dental plaque (5, 9, 16) . Streptococcus parasanguinis is a primary colonizer of the 41 dental plaque (14) and also plays an important role in subacute bacterial endocarditis 42 (4). Adhesion of S. parasanguinis is mediated by its long, peritrichous fimbriae (13). putative accessory secretory proteins SecY2, Gap1, Gap2, Gap3 and SecA2, and its 50 genetic organization is highly conserved in every genome that contains SRRPs (37), 51 implying the importance of this locus in the biogenesis of SRRPs. Mutation of secA2 52 results in defect in export of a number of SRRPs including Fap1 (1, 7, 19, 24) . Mature 53 Fap1 is no longer detected in the membrane and cytoplasm fractions of the secA2 54 mutant (7). Gap1 and Gap3 interact with each other, mutagenesis of either one blocks 55 Fap1 maturation (18, 20) . Study of Gap1 and Gap3 homologues in S. gordonii has 56 also indicated that Asp2 and Asp3 interact with SecA2 to modulate export of GspB 57 (22) . However it is unknown whether Gap1 and Gap3 directly interact with the 58 accessory Sec system in S. parasanguinis.
59
Materials and methods
77
Bacterial strains, plasmids and culture conditions 78 Bacterial strains and plasmids used in this study are listed in Table 1 . 79 Streptococci were cultivated statically in 5% CO 2 in Todd-Hewitt (TH) broth or on 80 TH agar plates at 37˚C. E. coli strain was grown in Luria-Bertani (LB) broth or on LB 81 agar plates at 37˚C with shaking.
82
Production of Fap1 in gap1, gap3 and secA2 mutants 83 To examine Fap1 production in gap1, gap3 and secA2 mutants, 1ml of 84 exponentially grown (A 470 ≈0.6) mutant cells was harvested and lysed according to the 85 previously described method (18). The cell lysates mixed with 5X SDS loading buffer 86 were subjected to Western blotting analysis using Fap1 specific monoclonal 87 antibodies E42, D10 and F51(25) .
88
Construction of expression plasmids for GST fusion proteins
89
Plasmids pGEX-Gap1, pGEX-SecA2 and pGEX-SecA were constructed to 90 express GST-Gap1, GST-SecA2 and GST-SecA fusion proteins. In brief, the gap1, 91 secA2 and secA genes were amplified from the genomic DNA of S. parasanguinis 92 FW213 by PCR using primer pairs, Gap1-EcoRI-1F and Gap1-XhoI-1575R,
93
SecA2-BamHI-F and SecA2-BamHI-R, and SecA-SmaI-F and SecA-XhoI-R, 94 respectively. The PCR products were digested with EcoRI/XhoI, BamHI or SmaI/XhoI 95 and then cloned into pGEX-5X-1 to generate desired fusion constructs. 96 respectively. The three PCR products were digested with BamHI and then ligated to 118 pGBKT7 to create pBD fusion constructs.
119
GST pull-down assays to determine protein-protein interactions 120 To examine in vitro protein interactions, the relevant GST fusion proteins and in Co-immunoprecipitation (co-IP) to determine in vivo protein-protein interactions 132 An E. coli-Streptococci shuttle vector pVT1666 (8) with a GFP tag, a plasmid 133 pVPT-Gap1 with GFP-tagged Gap1 and a plasmid pVPT-Gap3 with GFP-tagged 134 Gap3 were transformed into S. parasanguinis wild type strain, respectively. In 135 addition, plasmid pVT1666 and pVPT-Gap1 were also transformed into the gap3 136 mutant, respectively. All strains were grown to exponential growth phase (A 470 ≈ 0.6).
137
Cell lysates were prepared as described previously (18 SecA2 and Gap1 ( Fig. 2A & 2B) , a relatively weak interaction between SecA2 and 184 Gap3 (Fig. 2B) , whereas GST alone did not interact with c-Myc-tagged proteins ( with SecA2 ( Fig. 7A ) and Gap3 (Fig. 7B) , and GST-Gap3 interacted SecA2 (Fig. 7A ) 227 and SecA (Fig. 7C) , while GST alone failed to interact (Fig. 7A-C) . These data 228 indicate that SecA directly interacts with the SecA2-Gap1-Gap3 complex.
229
Mutation of SecA2 and Gap3 had no effect on production of their interacting
The SecA2 deficiency had no effect on production of Gap1 (Fig. 8A , upper panel) 232 and Gap3 (Fig. 8A, middle panel) . The Gap3 deficiency also had no effect on 233 production of SecA2 (Fig. 8B, 
